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SUBSTITUTED
1,4,-DI-PIPERIDIN-4-YL-PIPERAZINE
DERIVATIVES AND THEIR USE AS
NEUROKININ ANTAGONISTS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the national stage of Application No.
PCT/EP2003/50697, filed Oct. 7, 2003, which application
claims priority from PCT Patent Application No. PCT/EP02/
11328 filed Oct. 8, 2002. and priority from PCT Patent Appli-
cation No. PCT/EP02/14836 filed Dec. 23, 2002.

FIELD OF THE INVENTION

This invention concerns 1,4-di-piperidin-4-yl-piperazine
derivatives having neurokinin antagonistic activity, in par-
ticular NK, antagonistic activity, their preparation, composi-
tions comprising them and their use as a medicine, in particu-
lar for the treatment of emesis, anxiety, depression,
pancreatitis and IBS.

BACKGROUND OF THE INVENTION

Neurokinins belong to a family of short peptides that are
widely distributed in the mammalian central and peripheral
nervous system (Bertrand and Geppetti, Trends Pharmacol.
Sci. 17:255-259 (1996); Lundberg, Can. J. Physiol. Pharma-
col. 73:908-914 (1995); Maggi, Gen. Pharmacol 26:911-944
(1995); Regoli et al., Pharmacol. Rev. 46 (1994)). They share
the common C-terminal sequence Phe-Xaa-Gly-Leu-Met-
NH,. Neurokinins released from peripheral sensory nerve
endings are believed to be involved in neurogenic inflamma-
tion. In the spinal cord/central nervous system, neurokinins
may play a role in pain transmission/perception and in some
autonomic reflexes and behaviours. The three major neuroki-
nins are Substance P(SP), Neurokinin A (NK ,) and Neuro-
kinin B (NKj) with preferential affinity for three distinct
receptor subtypes, termed NK |, NK,, and NK, respectively.
However, functional studies on cloned receptors suggest
strong functional cross-interaction between the 3 neurokinins
and their corresponding receptors (Maggi and Schwartz,
Trends Pharmacol. Sci. 18: 351-355 (1997)).

Species differences in structure of NK, receptors are
responsible for species-related potency differences of NK;
antagonists (Maggi, Gen. Pharmacol. 26:911-944 (1995);
Regoli et al., Pharmacol. Rev. 46(4):551-599 (1994)). The
human NK, receptor closely resembles the NK, receptor of
guinea-pigs and gerbils but differs markedly from the NK,
receptor of rodents. The development of neurokinin antago-
nists has led to date to a series of peptide compounds of which
might be anticipated that they are metabolically too labile to
be employed as pharmaceutically active substances (Long-
more J. et al.,, DN&P 8(1):5-23 (1995)).

The neurokinins are involved in emesis, (stress-related)
anxiety states, inflammatory responses, smooth muscle con-
traction and pain perception. Neurokinin antagonists are in
development for indications such as emesis, anxiety and
depression, irritable bowel syndrome (IBS), circadian rhythm
disturbances, visceral pain, neurogenic inflammation,
asthma, micturition disorders, and nociception.

Emesis

Nausea and vomiting are among the most distressing side
effects of cancer chemotherapy. These reduce the quality of
life and may cause patients to delay or refuse, potentially
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curative drugs (Kris et al., J. Clin. Oncol., 3:1379-1384
(1985)). The incidence, intensity and pattern of emesis are
determined by different factors, such as the chemotherapeutic
agent, dosage and route of administration. Typically, early or
acute emesis starts within the first 4 h after chemotherapy
administration, reaching a peak between 4 h and 10 h, and
decreases by 12 to 24 h. Delayed emesis (developing after 24
h and continuing until 3-5 days post chemotherapy) is
observed with most ‘high-emetogenic’ chemotherapeutic
drugs (level 4 and 5 according to Hesketh et al., J. Clin. Oncol.
15:103 (1997)). In humans, these ‘high-emetogenic’ anti-
cancer treatments, including cis-platinum, induce acute eme-
sis in »98% and delayed emesis in 60-90% of cancer patients.

Animal models of chemotherapy such as cisplatin-induced
emesis in ferrets (Rudd and Naylor, Neuropharmacology
33:1607-1608 (1994); Naylor and Rudd, Canrcer Surv.
21:117-135 (1996)) have successfully predicted the clinical
efficacy of the 5-HT; receptor antagonists. Although this dis-
covery led to a successful therapy for the treatment of che-
motherapy- and radiation-induced sickness in cancer
patients, 5-HT; antagonists such as ondansetron and granis-
etron (either or not associated with dexamethasone) are effec-
tive in the control of the acute emetic phase (the first 24 h) but
can only reduce the development of delayed emesis (>24 h)
with poor efficacy (De Mulder et al., Annuals of Internal
Medicine 113:834-840 (1990); Roila, Oncology 50:163-167
(1993)). Despite these currently most effective treatments for
the prevention of both acute and delayed emesis, still 50% of
patients suffer from delayed vomiting and/or nausea (Anti-
emetic Subcommittee, Arnals Oncol. 9:811-819 (1998)).

In contrast to 5-HT; antagonists, NK, antagonists such as
CP-99,994 (Piedimonte et al., L. Pharmacol. Exp. Ther. 266:
270-273 (1993)) and aprepitant (also known as MK-869 or
L-754,030; Kramer et al., Science 281:1640-1645 (1998);
Rupniak and Kramer, Trends Pharmacol. Sci. 20:1-12
(1999)) have now been shown to inhibit not only the acute but
also the delayed phase of cisplatin-induced emesis in animals
(Ruddetal., Br. J. Pharmacol. 119:931-936 (1996); Tattersall
etal., Neuropharmacology 39:652-663 (2000)). NK | antago-
nists have also been demonstrated to reduce ‘delayed’ emesis
in man in the absence of concomitant therapy (Cocquytetal.,
Eur. J. Cancer 37:835-842 (2001); Navari et al. N. Engl. L.
Med. 340:190-195 (1999)). When administered together with
dexamethasone and 5-HT; antagonists, moreover, NK,
antagonists (such as MK-869 and CJ-11,974, also known as
Ezlopitant) have been shown to produce additional effects in
the prevention of acute emesis (Campos et al., J. Clin. Oncol.
19:1759-1767 (2001); Hesketh et al., Clin. Oncol. 17:338-
343 (1999)).

Central neurokinin NK, receptors play a major role in the
regulation of emesis. NK, antagonists are active against a
wide variety of emetic stimuli (Watson et al., Br. J. Pharma-
col. 115:84-94 (1995); Tattersall et al., Neuropharmacol.
35:1121-1129 (1996); Megens et al., J. Pharmacol. Exp.
Ther. 1-14 (2002)). The compounds are suggested to act by
blocking central NK, -receptors in the nucleus tractus soli-
tarius. Apart from NK, antagonism, CNS penetration is thus
aprerequisite for the antiemetic activity of these compounds.
Loperamide-induced emesis in ferrets can be used as a fast
and reliable screening model for the antiemetic activity of
NK antagonists. Further evaluation of their therapeutic value
in the treatment of both the acute and the delayed phases of
cisplatin-induced emesis has been demonstrated in the estab-
lished ferret model (Rudd et al., Br. J. Pharmacol. 119:931-
936 (1994)). This model studies both ‘acute’ and ‘delayed’
emesis after cisplatin and has been validated in terms of its
sensitivity to 5-HT; receptor antagonists, glucocorticoids
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(Sam et al., Eur. J. Pharmacol. 417:231-237 (2001)) and
other pharmacological challenges. It is unlikely that any
future anti-emetic would find clinical acceptance unless suc-
cessfully treating both the ‘acute’ and ‘delayed’ phases of
emesis.

Depression and Anxiety

Depression is one of the most common affective disorders
of modern society with a high and still increasing prevalence,
particularly in the younger members of the population. The
life time prevalence rates of Major depression (MDD, DSM-
1V) is currently estimated to be 10-25% for women and
5-12% for men, whereby in about 25% of patients the life time
MDD is recurrent, without full inter-episode recovery and
superimposed on dysthymic disorder. There is a high co-
morbidity of depression with other mental disorders and,
particularly in younger population high association with drug
and alcohol abuse. In the view of the fact that depression
primarily affects the population between 18-44 years of age
e.g. the most productive population, it is obvious that it
imposes a high burden on individuals, families and the whole
society.

Among all therapeutic possibilities, the therapy with anti-
depressants is incontestably the most effective. A large num-
ber of antidepressants have been developed and introduced to
the market in the course of the last 40 years. Nevertheless,
none of the current antidepressants fulfill all criteria of an
ideal drug (high therapeutic and prophylactic efficacy, rapid
onset of action, completely satisfactory short- and long-term
safety, simple and favorable pharmacokinetics) or is without
side effects which in one or the other way limits their use in all
groups and subgroups of depressed patients.

Since no treatment of the cause of depression exists at
present, nor appears imminent, and no antidepressant is effec-
tive in more than 60-70% of patients; the development of a
new antidepressant which may circumvent any of the disad-
vantages of the available drugs is justified.

Several findings indicate involvement of SP in stress-re-
lated anxiety states. Central injection of SP induces a cardio-
vascular response resembling the classical “fight or flight”
reaction characterized physiologically by vascular dilatation
in skeletal muscles and decrease of mesenteric and renal
blood flow. This cardiovascular reaction is accompanied by a
behavioral response observed in rodents after noxious stimuli
or stress (Culman and Unger, Can. J. Physiol. Pharmacol.
73:885-891 (1995)). In mice, centrally administered NK,
agonists and antagonists are anxiogenic and anxiolytic,
respectively (Teixeira et al., Eur J. Pharmacol. 311:7-14
(1996)). The ability of NK, antagonists to inhibit thumping
induced by SP (or by electric shock; Ballard et al., Trends
Pharmacol. Sci. 17:255-259 (2001)) might correspond to this
antidepressant/anxiolytic activity, since in gerbils thumping
plays a role as an alerting or warning signal to conspecifics.

The NK, receptor is widely distributed throughout the lim-
bic system and fear-processing pathways of the brain, includ-
ing the amygdala, hippocampus, septum, hypothalamus, and
periaqueductal grey. Additionally, substance P is released
centrally in response to traumatic or noxious stimuli and
substance P-associated neurotransmission may contribute to
orbe involved in anxiety, fear, and the emotional disturbances
that accompany affective disorders such as depression and
anxiety. In support of this view, changes in substance P con-
tent in discrete brain regions can be observed in response to
stressful stimuli (Brodin et al., Neuropeptides 26:253-260
(1994)).

Central injection of substance P mimetics (agonists)
induces a range of defensive behavioral and cardiovascular
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alterations including conditioned place aversion (Elliott, Exp.
Brain. Res. 73:354-356 (1988)), potentiated acoustic startle
response (Krase et al., Behav. Brain. Res. 63:81-88 (1994)),
distress vocalizations, escape behavior (Kramer et al., Sci-
ence 281:1640-1645 (1998)) and anxiety on the elevated plus
maze (Aguiar and Brandao, Physiol. Behav. 60:1183-1186
(1996)). These compounds did not modify motor perfor-
mance and co-ordination on the rotarod apparatus or ambu-
lation in an activity cage. Down-regulation of substance P
biosynthesis occurs in response to the administration of
known anxiolytic and antidepressant drugs (Brodin et al.,
Neuropeptides 26:253-260 (1994); Shirayama et al., Brain.
Res. 739:70-78 (1996)). Similarly, a centrally administered
NK agonist-induced vocalization response in guinea-pigs
can be antagonized by antidepressants such as imipramine
and fluoxetine as well as L-733,060, an NK, antagonist.
These studies provide evidence suggesting that blockade of
central NK, receptors may inhibit psychological stress in a
manner resembling antidepressants and anxiolytics (Rupniak
and Kramer, Trends Pharmacol. Sci. 20:1-12 (1999)), but
without the side effects of present medications. This is sup-
ported by data demonstrating that aprepitant is a clinically
efficacious antidepressant with significant anxiolytic activity
in a randomized double-blind placebo-controlled study
(Kramer et al., Science 281:1640-1645 (1998)).

Irritable Bowel Syndrome (IBS)

Patients with irritable bowel syndrome (IBS) experience
impaired quality of life, and utilize health care resources
extensively as they seek better “solutions” (including unnec-
essary repeated investigations or even surgery). Although
these patients suffer from a ‘benign’ disorder (in other words,
they will never die or develop significant complications), they
nevertheless cause a significant economic burden by exten-
sive health care resource utilization, and absence from work.

A reasonable number of pre-clinical publications over the
role of NK, receptors in visceral pain has been published.
Using NK,, receptor knockout mice and NK, antagonists in
animal models, different groups have demonstrated the
important role played by the NK, receptor in hyperalgesia
and visceral pain. The distribution of NK, receptors and sub-
stance P favors a major role in visceral rather than in somatic
pain. Indeed more than 80% of visceral primary afferent
contain substance P compared with only 25% skin afferents.
NK, receptors are also involved in gastrointestinal motility
(Tonini et al., Gastroenterol. 120:938-945 (2001); Okano et
al., J. Pharmacol. Exp. Ther. 298:559-564 (2001)). Because
of'this dual role in both gastrointestinal motility and in noci-
ception, NK, antagonists are considered to have potential to
ameliorate symptoms in IBS patients.

Pancreatitis

It has been suggested that substance-P, as one of two main
neuropeptides involved in neurogenic inflammation acting
via the NK, receptor, plays an important proinflammatory
role in regulating the severity of acute pancreatitis and pan-
creatitis-associated lung injury. Impaired long function in
severe acute pancreatitis is the primary cause of morbidity
and mortality in this condition. This has been clearly demon-
strated using NK,~~ mice (Bhatia et al., Proceedings of the
National Academy of Sciences of the USA 95(8):4760-4765
(1998)). Also, it has been shown that preprotachykinin-A
gene deletion protects mice against acute pancreatitis (Bhatia
etal., American J. of Physiology 284(5):G380-G386(2003)).
Furthermore, several studies have been published indicating
that NK, -antagonists (e.g. CP-96 345 and CP-99 994) may
play a role in treating pancreatitis, e.g. in influencing the
intensity, duration and frequency of pain in chronic pancre-
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atitis patients (Maa et al., American J. of Physiology 279:
G726-G732 (2000); Grady et al., British J. of Pharmacology
130(3):505-512 (2000); Vera-Portocarrero et al., Anesthesi-
ology 98(2):474-484 (2003) and Shrikhande et al., Pain
91(3):209-217 (2001)).

2. Background Prior Art

Compounds containing the 1-piperidin-4-yl-piperazinyl
moiety were published in WO 97/16440-A1, published May
9, 1997 by Janssen Pharmaceutica N.V. for use as substance P
antagonists, in WO 02/32867, published Apr. 25, 2002 by
Glaxo Group Ltd. for their special advantages as neurokinin
antagonists (more specifically were disclosed 4-piperazin-1-
yl-piperidine-1-carboxylic acid amide derivatives), in WO
01/30348-A1, published May 3,2001 by Janssen Pharmaceu-
tica N.V., for use as substance P antagonists for influencing
the circadian timing system, and in WO 02/062784-A1, pub-
lished Aug. 15, 2002 by Hoffmann-La Roche AG for use as
neurokinin 1 antagonists.

The compounds of the present invention differ from the
compounds of the prior art in the substitution of the piperazi-
nyl moiety, being a substituted piperidinyl moiety as well as
in their improved ability as potent, orally and centrally active
neurokinin antagonists with therapeutic value, especially for
the treatment of emesis, anxiety and depression, irritable
bowel syndrome (IBS), circadian rhythm disturbances, vis-
ceral pain, neurogenic inflammation, asthma, micturition dis-
orders, and nociception.

DESCRIPTION OF THE INVENTION

The present invention relates to novel 1,4-di-piperidin-4-
yl-piperazine derivatives according to the general Formula (1)

@D

R! RYy

Q sl N
N N N

N— Alk— Y — Alk—L
\ \ /
R2—X (CHz)n (CH)p

the pharmaceutically acceptable acid or base addition salts

thereof, the stereochemically isomeric forms thereof, the

N-oxide form thereof and prodrugs thereof, wherein:

n is an integer, equal to 0, 1 or 2;

m is an integer, equal to 1 or 2, provided that if m is 2, then n
is 1;

p is an integer equal to 1 or 2;

Qis O or NR?;

X is a covalent bond or a bivalent radical of formula —O—,
—S—or—NR*—;

each R? independently from each other, is hydrogen or alkyl;

each R! independently from each other, is selected from the
group of Ar', Ar'-alkyl and di(Ar")-alkyl;

q is an integer equal to 0 or 1;

R? is alkyl, Ar?, Ar*-alkyl, Het' or Het'-alkyl;

Y is a covalent bond or a bivalent radical of formula
—C(=0)—or —SO,—;

each Alk represents, independently from each other, a cova-
lent bond; a bivalent straight or branched, saturated or
unsaturated hydrocarbon radical having from 1 to 6 carbon
atoms; or a cyclic saturated or unsaturated hydrocarbon
radical having from 3 to 6 carbon atoms; each radical
optionally substituted on one or more carbon atoms with
one or more alkyl, phenyl, halo, cyano, hydroxy, formyl
and amino radicals;
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L is selected from the group of hydrogen, alkyloxy, Ar’-oxy,
alkyloxycarbonyl, mono- and di(alkyl)amino, mono- and
di(Ar’)amino, mono- and di(alkyloxycarbonyl)amino,
Ar’, Ar’-carbonyl, Het* and Het*-carbonyl;

Ar' is phenyl, optionally substituted with 1, 2 or 3 substitu-
ents each independently from each other selected from the
group of halo, alkyl, cyano, aminocarbonyl and alkyloxy;

Ar* is naphthalenyl or phenyl, each optionally substituted
with 1, 2 or 3 substituents, each independently from each
other, selected from the group ofhalo, nitro, amino, mono-
and di(alkyl)amino, cyano, alkyl, hydroxy, alkyloxy, car-
boxyl, alkyloxycarbonyl, aminocarbonyl and mono- and
di(alkyl)aminocarbonyl;

Ar’ is naphthalenyl or phenyl, optionally substituted with 1, 2
or 3 substituents each independently from each other
selected from the group of alkyloxy, alkyl, halo, hydroxy,
pyridinyl, morpholinyl, pyrrolidinyl, imidazo[1,2-ct]py-
ridinyl, morpholinylcarbonyl, pyrrolidinylcarbonyl, amino
and cyano;

Het' is a monocyclic heterocyclic radical selected from the
group of pyrrolyl, pyrazolyl, imidazolyl, furanyl, thienyl,
oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl,
pyridinyl, pyrimidinyl, pyrazinyl and pyridazinyl; or a
bicyclic heterocyclic radical selected from the group of
quinolinyl, quinoxalinyl, indolyl, benzimidazolyl, benzox-
azolyl, benzisoxazolyl, benzothiazolyl, benzisothiazolyl,
benzofuranyl and benzothienyl; each heterocyclic radical
may optionally be substituted on any atom by a radical
selected from the group of halo and alkyl;

Het® is a monocyclic heterocyclic radical selected from the
group of pyrrolidinyl, dioxolyl, imidazolidinyl, pyrrazo-
lidinyl, piperidinyl, morpholinyl, dithianyl, thiomorpholi-
nyl, piperazinyl, imidazolidinyl, tetrahydrofuranyl,
2H-pyrrolyl, pyrrolinyl, imidazolinyl, pyrrazolinyl, pyrro-
lyl, imidazolyl, pyrazolyl, triazolyl, furanyl, thienyl,
oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl and triazi-
nyl; or a bicyclic heterocyclic radical selected from the
group of benzopiperidinyl, quinolinyl, quinoxalinyl,
indolyl, isoindolyl, chromenyl, benzimidazolyl, imidazo
[1,2-a]pyridinyl, benzoxazolyl, benzisoxazolyl, ben-
zothiazolyl, benzisothiazolyl, benzofuranyl and ben-
zothienyl; each radical optionally substituted with one or
more radicals selected from the group of Ar', Ar'alkyl,
halo, hydroxy, alkyl, piperidinyl, pyrrolyl, thienyl, oxo,
alkyloxy, alkyloxyalkyl and alkyloxycarbonyl; and

alkyl is a straight or branched saturated hydrocarbon radical
having from 1 to 6 carbon atoms or a cyclic saturated
hydrocarbon radicals having from 3 to 6 carbon atoms;
optionally substituted on one or more carbon atoms with
one or more radicals selected from the group of phenyl,
halo, cyano, oxo, hydroxy, formyl and amino radicals.
More in particular, the invention relates to a compound

according to the general Formula (I), the pharmaceutically

acceptable acid or base addition salts thereof, the stere-
ochemically isomeric forms thereof, the N-oxide form
thereof and a prodrug thereof, wherein:

nis1;

mis 1;

pis 1;

Qis O;

X is a covalent bond;

each R' is Ar' or Ar'-alkyl;

qisOor1;

R?is Ar*;

Y is a covalent bond or a bivalent radical
—C(=0)— or —S0O,—;

of formula
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each Alk represents, independently from each other, a cova-
lent bond; a bivalent straight or branched, saturated or
unsaturated hydrocarbon radical having from 1 to 6 carbon
atoms; or a cyclic saturated or unsaturated hydrocarbon
radical having from 3 to 6 carbon atoms; each radical
optionally substituted on one or more carbon atoms with
one or more phenyl, halo, cyano, hydroxy, formyl and
amino radicals;

L is selected from the group of hydrogen, alkyloxy, Ar’-oxy,
alkyloxy-carbonyl, mono- and di(alkyl)amino, mono- and
di(Ar*)amino, Ar® and Het?;

Ar' is phenyl, optionally substituted with 1, 2 or 3 alkyl
radicals;

Ar* is phenyl, optionally substituted with 1, 2 or 3 alkyl
radicals;

Ar is phenyl, optionally substituted with 1, 2 or 3 substitu-
ents each independently from each other selected from the
group of alkyloxy, alkyl, halo, hydroxy, pyridinyl, mor-
pholinyl, pyrrolidinyl, imidazo[l,2-a]pyridinyl, mor-
pholinylcarbonyl, pyrrolidinylcarbonyl, amino and cyano;

Het? is a monocyclic heterocyclic radical selected from the
group of pyrrolidinyl, piperidinyl, morpholinyl, pyrrolyl,
imidazolyl, pyrazolyl, furanyl, thienyl, isoxazolyl, thiaz-
olyl, thiadiazolyl, pyridinyl, pyrimidinyl, pyrazinyl, and
pyridazinyl; or a bicyclic heterocyclic radical selected
from the group of benzopiperidinyl, quinolinyl, quinoxali-
nyl, indolyl, chromenyl and benzimidazolyl; each radical
optionally substituted with one or more radicals selected
from the group of Ar', Ar'alkyl, halo, hydroxy, alkyl, pip-
eridinyl, pyrrolyl, thienyl, oxo and alkyloxycarbonyl; and

alkyl is a straight hydrocarbon radical having 1 to 6 carbon
atoms, optionally substituted with one or more halo radi-
cals;

More in particular, the invention relates to a compound
according to the general Formula (1), the pharmaceutically
acceptable acid or base addition salts thereof, the stere-
ochemically isomeric forms thereof, the N-oxide form
thereof and a prodrug thereof, wherein R* is Ar'methyl and
attached to the 2-position or R' is Ar' and attached to the
3-position, as exemplified in either of the following formulas
for compounds according to Formula (I) wherein m and n are
equal to 1 and Ar is an unsubstituted phenyl. Preferably,
Ar'methyl is an unsubstituted benzyl radical.

Q

s

RZ—X

More in particular, the invention relates to a compound
according to the general Formula (1), the pharmaceutically
acceptable acid or base addition salts thereof, the stere-
ochemically isomeric forms thereof, the N-oxide form
thereof and a prodrug thereof, wherein the R*—X—C(=Q)-
moiety is 3,5-di-(trifluoromethyl)phenylcarbonyl.

In the framework of this application, alkyl is defined as a
monovalent straight or branched saturated hydrocarbon radi-
cal having from 1 to 6 carbon atoms, for example methyl,
ethyl, propyl, butyl, 1-methylpropyl, 1,1-dimethylethyl, pen-
tyl, hexyl; alkyl further defines a monovalent cyclic saturated
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hydrocarbon radical having from 3 to 6 carbon atoms, for
example cyclopropyl, methylcyclopropyl, cyclobutyl, cyclo-
pentyl and cyclohexyl. The definition of alkyl also comprises
an alkyl radical that is optionally substituted on one or more
carbon atoms with one or more phenyl, halo, cyano, oxo,
hydroxy, formyl and amino radicals, for example hydroxy-
alkyl, in particular hydroxymethyl and hydroxyethyl and
polyhaloalkyl, in particular difluoromethyl and trifluorom-
ethyl.

In the framework of this application, halo is generic to
fluoro, chloro, bromo and iodo.

In the framework of this application, with “compounds
according to the invention” is meant a compound according to
the general Formula (1), the pharmaceutically acceptable acid
or base addition salts thereof, the stereochemically isomeric
forms thereof, the N-oxide form thereof and a prodrug
thereof.

In the framework of this application, especially in the moi-
ety Alk®-Y-Alk® in Formula (I), when two or more consecu-
tive elements of said moiety denote a covalent bond, then a
single covalent bond is denoted. For example, when Alk® and
Y denote both a covalent bond and Alk? is —CH,—, then the
moiety Alk®-Y-Alk? denotes —CH,—.

The pharmaceutically acceptable salts are defined to com-
prise the therapeutically active non-toxic acid addition salts
forms that the compounds according to Formula (I) are able to
form. Said salts can be obtained by treating the base form of
the compounds according to Formula (I) with appropriate
acids, for example inorganic acids, for example hydrohalic
acid, in particular hydrochloric acid, hydrobromic acid, sul-
furic acid, nitric acid and phosphoric acid; organic acids, for
example acetic acid, hydroxyacetic acid, propanoic acid, lac-
ticacid, pyruvic acid, oxalic acid, malonic acid, succinic acid,
maleic acid, fumaric acid, malic acid, tartaric acid, citric acid,
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic
acid, p-toluenesulfonic acid, cyclamic acid, salicylic acid,
p-aminosalicylic acid and pamoic acid. Particularly preferred
is fumaric acid.

The compounds according to Formula (I) containing acidic
protons may also be converted into their therapeutically
active non-toxic metal or amine addition salts forms by treat-
ment with appropriate organic and inorganic bases. Appro-
priate base salts forms comprise, for example, the ammonium
salts, the alkaline and earth alkaline metal salts, in particular
lithium, sodium, potassium, magnesium and calcium salts,
salts with organic bases, e.g. the benzathine, N-methyl-D-
glucamine, hybramine salts, and salts with amino acids, for
example arginine and lysine.

Conversely, said salts forms can be converted into the free
forms by treatment with an appropriate base or acid.

The term addition salt as used in the framework of this
application also comprises the solvates that the compounds
according to Formula (I) as well as the salts thereof, are able
to form. Such solvates are, for example, hydrates and alco-
holates.

The N-oxide forms of the compounds according to For-
mula (I) are meant to comprise those compounds of Formula
() wherein one or several nitrogen atoms are oxidized to the
so-called N-oxide, particularly those N-oxides wherein one
or more tertiary nitrogens (e.g of the piperazinyl or piperidi-
nyl radical) are N-oxidized. Such N-oxides can easily be
obtained by a skilled person without any inventive skills and
they are obvious alternatives for the compounds according to
Formula (I) since these compounds are metabolites, which
are formed by oxidation in the human body upon uptake. As
is generally known, oxidation is normally the first step
involved in drug metabolism (Textbook of Organic Medicinal
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and Pharmaceutical Chemistry, 1977, pages 70-75). Asis also
generally known, the metabolite form of a compound can also
be administered to a human instead of the compound per se,
with much the same effects.

The compounds according to the invention possess at least
2 oxydizable nitrogens (tertiary amines moieties). It is there-
fore highly likely that N-oxides are to form in the human
metabolism.

The compounds of Formula (I) may be converted to the
corresponding N-oxide forms following art-known proce-
dures for converting a trivalent nitrogen into its N-oxide form.
Said N-oxidation reaction may generally be carried out by
reacting the starting material of Formula (I) with an appro-
priate organic or inorganic peroxide. Appropriate inorganic
peroxides comprise, for example, hydrogen peroxide, alkali
metal or earth alkaline metal peroxides, e.g. sodium peroxide,
potassium peroxide; appropriate organic peroxides may com-
prise peroxy acids such as, for example, benzenecarboper-
oxoic acid or halo substituted benzenecarboperoxoic acid,
e.g. 3-chlorobenzenecarboperoxoic acid, peroxoalkanoic
acids, e.g. peroxoacetic acid, alkylhydroperoxides, e.g. tert-
butyl hydroperoxide. Suitable solvents are, for example,
water, lower alkanols, e.g. ethanol and the like, hydrocarbons,
e.g. toluene, ketones, e.g. 2-butanone, halogenated hydrocar-
bons, e.g. dichloromethane, and mixtures of such solvents.

The term “‘stereochemically isomeric forms™ as used here-
inbefore defines all the possible isomeric forms that the com-
pounds of Formula (I) may possess. Unless otherwise men-
tioned or indicated, the chemical designation of compounds
denotes the mixture of all possible stereochemically isomeric
forms, said mixtures containing all diastereomers and enan-
tiomers of the basic molecular structure. More in particular,
stereogenic centers may have the R- or S-configuration; sub-
stituents on bivalent cyclic (partially) saturated radicals may
have either the cis- or trans-configuration. Compounds
encompassing double bonds can have an E or Z-stereochem-
istry atsaid double bond. Stereochemically isomeric forms of
the compounds of Formula (I) are obviously intended to be
embraced within the scope of this invention.

Following CAS nomenclature conventions, when two ste-
reogenic centers of known absolute configuration are present
in a molecule, an R or S descriptor is assigned (based on
Cahn-Ingold-Prelog sequence rule) to the lowest-numbered
chiral center, the reference center. The configuration of the
second stereogenic center is indicated using relative descrip-
tors [R* R*] or [R*,S*], where R* is always specified as the
reference center and [R*,R*] indicates centers with the same
chirality and [R*,S*] indicates centers of unlike chirality. For
example, if the lowest-numbered chiral center in the molecule
has an S configuration and the second center is R, the stereo
descriptor would be specified as S-[R*,S*]. If “o”” and “B” are
used: the position of the highest priority substituent on the
asymmetric carbon atom in the ring system having the lowest
ring number, is arbitrarily always in the “o” position of the
mean plane determined by the ring system. The position of the
highest priority substituent on the other asymmetric carbon
atom in the ring system (hydrogen atom in compounds
according to Formula (1)) relative to the position of the high-
est priority substituent on the reference atom is denominated
“a”, if it is on the same side of the mean plane determined by
the ring system, or “f”, if it is on the other side of the mean
plane determined by the ring system.

Compounds according to Formula (I) and some of the
intermediate compounds have at least two stereogenic centers
in their structure, namely at the 2-position of the piperidinyl-
moiety (R or S) and at the 4-position, where the attached
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radical may be either in the cis or trans position with respect
to the radical at the 2-position on the piperidinyl-moiety.

The invention also comprises derivative compounds (usu-
ally called “pro-drugs”) of the pharmacologically-active
compounds according to the invention, which are degraded in
vivo to yield the compounds according to the invention. Pro-
drugs are usually (but not always) of lower potency at the
target receptor than the compounds to which they are
degraded. Pro-drugs are particularly useful when the desired
compound has chemical or physical properties that make its
administration difficult or inefficient. For example, the
desired compound may be only poorly soluble, it may be
poorly transported across the mucosal epithelium, or it may
have an undesirably short plasma half-life. Further discussion
on pro-drugs may be found in Stella, V. J. et al., “Prodrugs”,
Drug Delivery Systems, 1985, pp. 112-176, and Drugs, 1985,
29, pp. 455-473.

Pro-drugs forms of the pharmacologically-active com-
pounds according to the invention will generally be com-
pounds according to Formula (I), the pharmaceutically
acceptable acid or base addition salts thereof, the stere-
ochemically isomeric forms thereof and the N-oxide form
thereof, having an acid group which is esterified or amidated.
Included in such esterified acid groups are groups of the
formula—COORT, where R*is a C,_salkyl, phenyl, benzyl or
one of the following groups:

o BN

Amidated groups include groups of the formula—CONR’R?,
wherein R” is H, C,_galkyl, phenyl or benzyl and R” is —OH,
H, C, _galkyl, phenyl or benzyl. Compounds according to the
invention having an amino group may be derivatised with a
ketone or an aldehyde such as formaldehyde to form a Man-
nich base. This base will hydrolyze with first order kinetics in
aqueous solution.

The compounds of Formula (I) as prepared in the processes
described below may be synthesized in the form of racemic
mixtures of enantiomers that can be separated from one
another following art-known resolution procedures. The
racemic compounds of Formula (I) may be converted into the
corresponding diastereomeric salt forms by reaction with a
suitable chiral acid. Said diastereomeric salt forms are sub-
sequently separated, for example, by selective or fractional
crystallization and the enantiomers are liberated therefrom by
alkali. An alternative manner of separating the enantiomeric
forms of the compounds of Formula (I) involves liquid chro-
matography using a chiral stationary phase. Said pure stere-
ochemically isomeric forms may also be derived from the
corresponding pure stereochemically isomeric forms of the
appropriate starting materials, provided that the reaction
occurs stereospecifically. Preferably if a specific stereoiso-
mer is desired, said compound would be synthesized by ste-
reospecific methods of preparation. These methods will
advantageously employ enantiomerically pure starting mate-
rials.

Pharmacology
Substance P and other neurokinins are involved in a variety
of'biological actions such as pain transmission (nociception),
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neurogenic inflammation, smooth muscle contraction,
plasma protein extravasation, vasodilation, secretion, mast
cell degranulation, and also in activation of the immune sys-
tem. A number of diseases are deemed to be engendered by
activation of neurokinin receptors, in particular the NK,
receptor, by excessive release of substance P and other neu-
rokinins in particular cells such as cells in the neuronal plexi
of the gastrointestinal tract, unmyelinated primary sensory
afferent neurons, sympathetic and parasympathetic neurons
and nonneuronal cell types (DN&P 8(1):5-23 (1995) and
Longmore J. et al., “Neurokinin Receptors” Pharmacologi-
cal Reviews 46(4):551-599 (1994)).

The compounds of the present invention are potent inhibi-
tors of neurokinin-mediated effects, in particular those medi-
ated via the NK, receptor, and may therefore be described as
neurokinin antagonists or tachykinin antagonists, especially
as substance P antagonists, as indicated in vitro by the antago-
nism of substance P-induced relaxation of pig coronary arter-
ies which is described hereinafter. The binding affinity of the
present compounds for the human, guinea-pig and gerbil
neurokinin receptors may be determined in vitro in a receptor
binding test using *H-substance-P as radioligand. The subject
compounds also show substance-P antagonistic activity in
vivo as may be evidenced by, for instance, the antagonism of
substance P-induced plasma extravasation in guinea-pigs, or
the antagonism of drug-induced emesis in ferrets (Watson et
al., Br. J. Pharmacol. 115:84-94 (1995)).

In view of their capability to antagonize the actions of
neurokinins by blocking the neurokinin receptors, and in
particular antagonizing the actions of substance P by block-
ing the NK, receptor, the compounds according to the inven-
tion are useful as a medicine, in particular in the prophylactic
and therapeutic treatment of neurokinin-mediated conditions.

The invention therefore relates to a compound according to
the general Formula (1), the pharmaceutically acceptable acid
or base addition salts thereof, the stereochemically isomeric
forms thereof, the N-oxide form thereof and prodrugs thereof,
for use as a medicine.

The invention also relates to the use of a compound accord-
ing to any one of claims 1-3 for the manufacture of a medi-
cament for treating, either prophylactic or therapeutic or both,
neurokinin mediated conditions.

The compounds according to the invention are useful in the
treatment of CNS disorders, in particular depression, anxiety
disorders, stress-related disorders, sleep disorders, cognitive
disorders, personality disorders, schizoaffective disorders,
eating disorders, neurodegenerative diseases, addiction dis-
orders, mood disorders, sexual dysfunction, pain and other
CNS-related conditions; inflammation; allergic disorders;
emesis; gastrointestinal disorders, in particular irritable
bowel syndrome (IBS); skin disorders; vasospastic diseases;
fibrosing and collagen diseases; disorders related to immune
enhancement or suppression and rheumatic diseases and
body weight control.

In particular, the compounds according to the invention are
useful in the treatment or prevention of depression including
but not limited to major depressive disorders including bipo-
lar depression; unipolar depression; single or recurrent major
depressive episodes with or without psychotic features, cata-
tonic features, melancholic features, atypical features or post-
partum onset, and, in the case of recurrent episodes, with or
without seasonal pattern. Other mood disorders encompassed
within the term “major depressive disorder” include dysthy-
mic disorder with early or late onset and with or without
atypical features, bipolar 1 disorder, bipolar II disorder,
cyclothymic disorder, recurrent brief depressive disorder,
mixed affective disorder, neurotic depression, post traumatic
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stress disorder and social phobia; dementia of the Alzhe-
imer’s type with early or late onset, with depressed mood;
vascular dementia with depressed mood; substance-induced
mood disorders such as mood disorders induced by alcohol,
amphetamines, cocaine, hallucinogens, inhalants, opioids,
phencyclidine, sedatives, hypnotics, anxiolytics and other
substances; schizoaffective disorder of the depressed type;
and adjustment disorder with depressed mood. Major depres-
sive disorders may also result from a general medical condi-
tion including, but not limited to, myocardial infarction, dia-
betes, miscarriage or abortion, etc.

Inparticular, the compounds according to the invention are
useful in the treatment or prevention of anxiety disorders,
including but not limited to panic attack; agoraphobia; panic
disorder without agoraphobia; agoraphobia without history
of panic disorder; specific phobia; social phobia; obsessive-
compulsive disorder; post-traumatic stress disorder; acute
stress disorder; generalized anxiety disorder; anxiety disorder
due to a general medical condition; substance-induced anxi-
ety disorder; and anxiety disorder not otherwise specified.

Inparticular, the compounds according to the invention are
useful in the treatment or prevention of stress-related disor-
ders associated with depression and/or anxiety, including but
not limited to acute stress reaction; adjustment disorders,
such as brief depressive reaction, prolonged depressive reac-
tion, mixed anxiety and depressive reaction, adjustment dis-
order with predominant disturbance of other emotions,
adjustment disorder with predominant disturbance of con-
duct, adjustment disorder with mixed disturbance of emo-
tions and conduct and adjustment disorders with other speci-
fied predominant symptoms; and other reactions to severe
stress.

Inparticular, the compounds according to the invention are
useful in the treatment or prevention of sleep disorders,
including but not limited to dysomnia and/or parasomnias as
primary sleep disorders; insomnia; sleep apnea; narcolepsy;
circadian rhythms disorders; sleep disorders related to
another mental disorder; sleep disorder due to a general medi-
cal condition; and substance-induced sleep disorder.

Inparticular, the compounds according to the invention are
useful in the treatment or prevention of cognitive disorders,
including but not limited to dementia; amnesic disorders and
cognitive disorders not otherwise specified, especially
dementia caused by degenerative disorders, lesions, trauma,
infections, vascular disorders, toxins, anoxia, vitamin defi-
ciency or endocrinic disorders; dementia of the Alzheimer’s
type, with early or late onset, with depressed mood; AIDS-
associated dementia or amnesic disorders caused by alcohol
or other causes of thiamin deficiency, bilateral temporal lobe
damage due to Herpes simplex encephalitis and other limbic
encephalitis, neuronal loss secondary to anoxia/hypoglyce-
mia/severe convulsions and surgery, degenerative disorders,
vascular disorders or pathology around ventricle II1. Further-
more, the compounds according to the invention are also
useful as memory and/or cognition enhancers in healthy
humans with no cognitive and/or memory deficit.

Inparticular, the compounds according to the invention are
useful in the treatment or prevention of personality disorders,
including but not limited to paranoid personality disorder;
schizoid personality disorder; schizotypical personality dis-
order; antisocial personality disorder; borderline personality
disorder; histrionic personality disorder; narcissistic person-
ality disorder; avoidant personality disorder; dependent per-
sonality disorder; obsessive-compulsive personality disorder
and personality disorder not otherwise specified.

Inparticular, the compounds according to the invention are
useful in the treatment or prevention of schizoaffective dis-
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orders resulting from various causes, including schizoaffec-
tive disorders of the manic type, of the depressive type, of
mixed type; paranoid, disorganized, catatonic, undifferenti-
ated and residual schizophrenia; schizophreniform disorder;
schizoaffective disorder; delusional disorder; brief psychotic
disorder; shared psychotic disorder; substance-induced psy-
chotic disorder and psychotic disorder not otherwise speci-
fied.

In particular, the compounds according to the invention are
also useful in the treatment or prevention of eating disorders,
including anorexia nervosa; atypical anorexia nervosa;
bulimia nervosa; atypical bulimia nervosa; overeating asso-
ciated with other psychological disturbances; vomiting asso-
ciated with other psychological disturbances; and non-speci-
fied eating disorders.

In particular, the compounds according to the invention are
also useful in the treatment or prevention of neurodegenera-
tive diseases, including but not limited to Alzheimer’s dis-
ease; Huntington’s chorea; Creutzfeld-Jacob disease; Pick’s
disease; demyelinating disorders, such as multiple sclerosis
and ALS; other neuropathies and neuralgia; multiple sclero-
sis; amyotropical lateral sclerosis; stroke and head trauma.

In particular, the compounds according to the invention are
also useful in the treatment or prevention of addiction disor-
ders, including but not limited to substance dependence or
abuse with or without physiological dependence, particularly
where the substance is alcohol, amphetamines, amphet-
amine-like substances, caffeine, cocaine, hallucinogens,
inhalants, nicotine, opioids (such as cannabis, heroin and
morphine), phencyclidine, phencyclidine-like compounds,
sedative-hypnotics, benzodiazepines and/or other sub-
stances, particularly useful for treating withdrawal from the
above substances and alcohol withdrawal delirium.

In particular, the compounds according to the invention are
also useful in the treatment or prevention of mood disorders
induced particularly by alcohol, amphetamines, caffeine,
cannabis, cocaine, hallucinogens, inhalants, nicotine, opio-
ids, phencyclidine, sedatives, hypnotics, anxiolytics and
other substances.

In particular, the compounds according to the invention are
also useful in the treatment or prevention of sexual dysfunc-
tion, including but not limited to sexual desire disorders;
sexual arousal disorders; orgasmic disorders; sexual pain dis-
orders; sexual dysfunction due to a general medical condi-
tion; substance-induced sexual dysfunction and sexual dys-
function not otherwise specified.

In particular, the compounds according to the invention are
also useful in the treatment or prevention of pain, including
but not limited to traumatic pain such as postoperative pain;
traumatic avulsion pain such as brachial plexus; chronic pain
such pancreatitis induced chronic pain or arthritic pain such
as occurring in osteo-rheumatoid or psoriatic arthritis; neu-
ropathic pain such as post-herpetic neuralgia, trigeminal neu-
ralgia, segmental or intercostal neuralgia, fibromyalgia, caus-
algia, peripheral neuropathy, diabetic neuropathy,
chemotherapy-induced neuropathy, AIDS related neuropa-
thy, occipital neuralgia, geniculate neuralgia, glossopharyn-
geal neuralgia, reflex sympathetic dystrophy and phantom
limb pain; various forms of headache such as migraine, acute
or chronic tension headache, temporomandibular pain, max-
illary sinus pain and cluster headache; odontalgia; cancer
pain; visceral pain gastrointestinal pain; nerve entrapment
pain; sport’s injury pain; dysmennorrhoea; menstrual pain;
meningitis; arachnoiditis; musculoskeletal pain; low back
pain such as spinal stenosis, prolapsed disc, sciatica, angina,
ankylosing spondyolitis; gout; burns; scar pain; itch; and
thalamic pain such as post stroke thalamic pain.
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Inparticular, the compounds according to the invention are
also useful in the treatment or prevention of the following
other CNS-related conditions: akinesia, akinetic-rigid syn-
dromes, dyskinesia and medication-induced parkinsonism,
Gilles de la Tourette syndrome and its symptoms, tremor,
chorea, myoclonus, tics and dystonia, attention-deficit/hyper-
activity disorder (ADHD), Parkinson’s disease, drug-induced
Parkinsonism, post-encephalitic Parkinsonism, progressive
supranuclear palsy, multiple system atrophy, corticobasal
degeneration, parkinsonism-ALS dementia complex and
basal ganglia calcification, behavioral disturbances and con-
duct disorders in dementia and the mentally retarded, includ-
ing restlessness and agitation, extra-pyramidal movement
disorders, Down’s syndrome and Akathisia.

Inparticular, the compounds according to the invention are
also useful in the treatment or prevention of inflammation,
including but not limited to inflammatory conditions in
asthma, influenza, chronic bronchitis and rheumatoid arthri-
tis; inflammatory conditions in the gastrointestinal tract such
as, but not limited to Crohn’s disease, ulcerative colitis,
inflammatory bowel disease and non-steroidal anti-inflam-
matory drug induced damage; inflammatory conditions ofthe
skin such as herpes and eczema; inflammatory conditions of
the bladder such as cystitis and urge incontinence; and eye
and dental inflammation and pancreatitis, in particular
chronic and acute pancreatitis.

Inparticular, the compounds according to the invention are
alsouseful in the treatment or prevention of allergic disorders,
including but not limited to allergic disorders of the skin such
as but not limited to urticaria; and allergic disorders of the
airways such as but not limited to rhinitis.

Inparticular, the compounds according to the invention are
also useful in the treatment or prevention of emesis, i.e. nau-
sea, retching and vomiting, including but not limited to acute
emesis, delayed emesis and anticipatory emesis; emesis
induced by drugs such as cancer chemotherapeutic agents
such as alkylating agents, for example cyclophosphamide,
carmustine, lomustine and chlorambucil; cytotoxic antibiot-
ics, for example dactinomycin, doxorubicin, mitomycin-C
and bleomycin; anti-metabolites, for example cytarabine,
methotrexate and 5-fluorouracil; vinca alkaloids, for example
etoposide, vinblastine and vincristine; and other drugs such as
cisplatin, dacarbazine, procarbazine and hydroxyurea; and
combinations thereof; radiation sickness; radiation therapy,
such as in the treatment of cancer; poisons; toxins such as
toxins caused by metabolic disorders or by infection, such as
gastritis, or released during bacterial or viral gastrointestinal
infection; pregnancy; vestibular disorders, such as motion
sickness, vertigo, dizziness and Meniere’s disease; post-op-
erative sickness; gastrointestinal obstruction; reduced gas-
trointestinal motility; visceral pain, such as myocardial inf-
arction or peritonitis; migraine; increased intracranial
pressure; decreased intracranial pressure (such as altitude
sickness); opioid analgesics, such as morphine; gastro-oe-
sophageal reflux disease; acid indigestion; over-indulgence
of food or drink; acid stomach; sour stomach; waterbrash/
regurgitation; heartburn, such as episodic heartburn, noctur-
nal heartburn and meal induced heartburn; and dyspepsia.

Inparticular, the compounds according to the invention are
also useful in the treatment or prevention of gastrointestinal
disorders, including but not limited to irritable bowel syn-
drome (IBS), skin disorders such as psoriasis, pruritis and
sunburn; vasospastic diseases such as angina, vascular head-
ache and Reynaud’s disease, cerebral ischaemia such as cere-
bral vasospasm following subarachnoid haemorrhage; fibros-
ing and collagen diseases such as scleroderma and
eosinophilic fascioliasis; disorders related to immune
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enhancement or suppression such as systemic lupus erythe-
matosus and rheumatic diseases such as fibrositis; cough; and
body weight control, including obesity.

The present invention also relates to a method for the
treatment and/or prophylaxis of neurokinin-mediated dis-
eases, in particular for the treatment and/or prophylaxis of
depression, anxiety disorders, emesis and irritable bowel syn-
drome (IBS) comprising administering to a human in need of
such administration an effective amount of a compound
according to the invention, in particular according to Formula
(D, the pharmaceutically acceptable acid or base addition
salts thereof, the stereochemically isomeric forms thereof;, the
N-oxide form thereof, as well as the pro-drugs thereof.

The invention also relates to a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and, as
active ingredient, a therapeutically effective amount of a
compound according to the invention, in particular a com-
pound according to Formula (), the pharmaceutically accept-
able acid or base addition salts thereof, the stereochemically
isomeric forms thereof, the N-oxide form thereof and a pro-
drug thereof.

The compounds according to the invention, in particular
the compounds according to Formula (I), the pharmaceuti-
cally acceptable acid or base addition salts thereof, the stere-
ochemically isomeric forms thereof, the N-oxide form
thereof and the prodrugs thereof, or any subgroup or combi-
nation thereof may be formulated into various pharmaceuti-
cal forms for administration purposes. As appropriate com-
positions there may be cited all compositions usually
employed for systemically administering drugs. To prepare
the pharmaceutical compositions of this invention, an effec-
tive amount of the particular compound, optionally in addi-
tion salt form, as the active ingredient is combined in intimate
admixture with a pharmaceutically acceptable carrier, which
carrier may take a wide variety of forms depending on the
form of preparation desired for administration. These phar-
maceutical compositions are desirable in unitary dosage form
suitable, in particular, for administration orally, rectally, per-
cutaneously, by parenteral injection or by inhalation. For
example, in preparing the compositions in oral dosage form,
any of the usual pharmaceutical media may be employed such
as, for example, water, glycols, oils, alcohols and the like in
the case of oral liquid preparations such as suspensions, syr-
ups, elixirs, emulsions and solutions; or solid carriers such as
starches, sugars, kaolin, diluents, lubricants, binders, disinte-
grating agents and the like in the case of powders, pills,
capsules and tablets. Because of their ease in administration,
tablets and capsules represent the most advantageous oral
dosage unit forms in which case solid pharmaceutical carriers
are obviously employed. For parenteral compositions, the
carrier will usually comprise sterile water, at least in large
part, though other ingredients, for example, to aid solubility,
may be included. Injectable solutions, for example, may be
prepared in which the carrier comprises saline solution, glu-
cose solution or a mixture of saline and glucose solution.
Injectable suspensions may also be prepared in which case
appropriate liquid carriers, suspending agents and the like
may be employed. Also included are solid form preparations
that are intended to be converted, shortly before use, to liquid
form preparations. In the compositions suitable for percuta-
neous administration, the carrier optionally comprises a pen-
etration enhancing agent and/or a suitable wetting agent,
optionally combined with suitable additives of any nature in
minor proportions, which additives do not introduce a signifi-
cant deleterious effect on the skin. Said additives may facili-
tate the administration to the skin and/or may be helpful for
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preparing the desired compositions. These compositions may
be administered in various ways, e.g., as a transdermal patch,
as a spot-on, as an ointment.

It is especially advantageous to formulate the aforemen-
tioned pharmaceutical compositions in unit dosage form for
ease of administration and uniformity of dosage. Unit dosage
form as used herein refers to physically discrete units suitable
as unitary dosages, each unit containing a predetermined
quantity of active ingredient calculated to produce the desired
therapeutic effect in association with the required pharma-
ceutical carrier. Examples of such unit dosage forms are
tablets (including scored or coated tablets), capsules, pills,
powder packets, wafers, suppositories, injectable solutions or
suspensions and the like, and segregated multiples thereof.

Since the compounds according to the invention are potent
orally administrable NK, antagonists, pharmaceutical com-
positions comprising said compounds for administration
orally are especially advantageous.

Preparation

The compounds according to the invention can generally
be prepared by a succession of steps, each of which is known
to the skilled person.

The compounds of Formula (I) are conveniently prepared
by reductively N-alkylating an intermediate of Formula (II)
whereinR*, R?, X, Q, m, n and p are defined as in Formula (I),
with a N-substituted piperidinon of Formula (I1I) wherein R*,
Alk,Y, L and q are defined as in Formula (I). Said reductive
N-alkylation may be performed in a reaction-inert solvent
such as, for example, dichloromethane, ethanol or toluene or
amixture thereof, and in the presence of an appropriate reduc-
ing agent such as, for example, a borohydride, e.g. sodium
borohydride, sodium cyanoborohydride or triacetoxy boro-
hydride. In case a borohydride is used as a reducing agent, it
may be convenient to use a complex-forming agent such as,
for example, titanium(IV)-isopropylate as described in J.
Org. Chem, 1990, 55, 2552-2554. Using said complex-form-
ing agent may also result in an improved cis/trans ratio in
favor of the trans isomer. It may also be convenient to use
hydrogen as a reducing agent in combination with a suitable
catalyst such as, for example, palladium-on-charcoal or plati-
num-on-charcoal. In case hydrogen is used as reducing agent,
it may be advantageous to add a dehydrating agent to the
reaction mixture such as, for example, aluminium tert-butox-
ide. In order to prevent the undesired further hydrogenation of
certain functional groups in the reactants and the reaction
products, it may also be advantageous to add an appropriate
catalyst-poison to the reaction mixture, e.g., thiophene or
quinoline-sulphur. Stirring and optionally elevated tempera-
tures and/or pressure may enhance the rate of the reaction.

Rl
Q Fcmn  —
N/_ N /NH +
PO N G S

(ID
®Y),
0 N—Ak—Y—Ak—L — ()

(1)

In this and the following preparations, the reaction prod-
ucts may be isolated from the reaction medium and, if nec-
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essary, further purified according to methodologies generally
known in the art such as, for example, extraction, crystalliza-
tion, trituration and chromatography.

Especially advantage is the preparation of a compound
according to the invention according to the previous reaction
scheme in which the Alk-Y-Alk-L-moiety is benzyl, thus
giving rise to a compound according to Formula (I) in which
the Alk-Y-Alk-L-moiety is benzyl. Said compound is phar-
macological active and can be converted into a compound
according to the invention in which the Alk-Y-Alk-L-moiety
is hydrogen by reductive hydrogenation using e.g. hydrogen
as a reducing agent in combination with a suitable catalyst
such as, for example, palladium-on-charcoal or platinum-on-
charcoal. The resulting compound according to the invention
can then be converted into other compounds according to the
invention by art-known transformations, e.g. acylation and
alkylation.

In particular, the compounds of Formula (I*) can be pre-
pared by reacting a final compound of Formula (I') wherein
R',R? X, Q, m, n, p and q are defined as in Formula (I) with
an acyl compound of Formula (V) wherein Alk and L are
defined as in Formula (I) and W' is an appropriate leaving
group such as, for example, a halo, e.g. chloro or bromo, or a
sulfonyloxy leaving group, e.g. methanesulfonyloxy or ben-
zenesulfonyloxy. The reaction can be performed in a reac-
tion-inert solvent such as, for example, a chlorinated hydro-
carbon, e.g. dichloromethane, an alcohol, e.g. ethanol, or a
ketone, e.g. methyl isobutylketone, and in the presence of a
suitable base such as, for example, sodium carbonate, sodium
hydrogen carbonate or triethylamine. Stirring may enhance
the rate of the reaction. The reaction may conveniently be
carried out at a temperature ranging between room tempera-
ture and reflux temperature.
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Alternatively, the compounds of Formula (I#) can also be
prepared by reacting a final compound of Formula (I')
wherein R, R?, X, Q, m, n, p and q are defined as in Formula
(D with a carboxylic acid of Formula (VI) wherein Alk and L.
are defined as in Formula (I)(base-catalyzed nucleophilic
addition reaction). The reaction can be performed in a reac-
tion-inert solvent such as, for example, a chlorinated hydro-
carbon, e.g. dichloromethane, an alcohol, e.g. ethanol, or a
ketone, e.g. methyl isobutylketone, and in the presence of a
suitable base such as, for example, sodium carbonate, sodium
hydrogen carbonate or triethylamine. Stirring may enhance
the rate of the reaction. The reaction may conveniently be
carried at a temperature ranging between room temperature
and reflux temperature.
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The above reaction may also be carried out under equivalent
conditions with the carboxylic ester of the carboxylic acid of
Formula (VI).

In particular, the compounds of Formula (I”) can be pre-
pared by reacting a final compound of Formula (I') wherein
RY, R? X, Q, m, n, p and q are defined as in Formula (I) with
a keto-compound of Formula (VII) wherein W? is an appro-
priate leaving group such as, for example, a halogen, e.g.
chloro or bromo, or a sulfonyloxy leaving group, e.g. meth-
anesulfonyloxy or benzenesulfonyloxy. The reaction can be
performed in a reaction-inert solvent such as, for example, a
chlorinated hydrocarbon, e.g. dichloromethane, an alcohol,
e.g. ethanol, or a ketone, e.g. methyl isobutylketone, and in
the presence of a suitable base such as, for example, sodium
carbonate, sodium hydrogen carbonate or triethylamine. Stir-
ring may enhance the rate of the reaction. The reaction may
conveniently be carried at a temperature ranging between
room temperature and reflux temperature.
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The compounds of Formula (I°) can be prepared by reduc-
tive amination/alkylation of a final compound of Formula (I')
wherein R', R?, X, Q, m, n, p and q are defined as in Formula
(D) with a compound of Formula (VIII) wherein Alk and L are
defined as in Formula (I) and W? is an appropriate leaving
group such as, for example, a halogen, e.g. chloro or bromo,
or a sulfonyloxy leaving group, e.g. methanesulfonyloxy or
benzenesulfonyloxy. The reaction can be performed in areac-
tion-inert solvent such as, for example, a chlorinated hydro-
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carbon, e.g. dichloromethane, an alcohol, e.g. ethanol, or a
ketone, e.g. methyl isobutylketone, and in the presence of a
suitable base such as, for example, sodium carbonate, sodium
hydrogen carbonate or triethylamine. Stirring may enhance
the rate of the reaction. The reaction may conveniently be
carried at a temperature ranging between room temperature
and reflux temperature.
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The starting materials and some of the intermediates are
known compounds and are commercially available or may be
prepared according to conventional reaction procedures gen-
erally known in the art. For example, intermediates of for-
mula (II) may be prepared by reductively N-alkylating an
intermediate of formula (IX) with an intermediate of formula
(X)in which W*is a benzyl radical, after which the compound
according to Formula (X) is subsequently reduced to yield an
intermediate compound according to Formula (II). Said
reductive N-alkylation may be performed in a reaction-inert
solvent such as, for example, dichloromethane, ethanol, tolu-
ene or a mixture thereof, and in the presence of an appropriate
reducing agent such as, for example, a borohydride, e.g.
sodium borohydride, sodium cyanoborohydride or triacetoxy
borohydride. In case a borohydride is used as a reducing
agent, it may be convenient to use a complex-forming agent
such as, for example, titanium(IV)isopropylate as described
in J. Org. Chem, 1990, 55, 2552-2554. Using said complex-
forming agent may also resultin an improved cis/trans ratio in
favor of the trans isomer. It may also be convenient to use
hydrogen as a reducing agent in combination with a suitable
catalyst such as, for example, palladium-on-charcoal or plati-
num-on-charcoal. In case hydrogen is used as reducing agent,
it may be advantageous to add a dehydrating agent to the
reaction mixture such as, for example, aluminium tert-butox-
ide. In order to prevent the undesired further hydrogenation of
certain functional groups in the reactants and the reaction
products, it may also be advantageous to add an appropriate
catalyst-poison to the reaction mixture, e.g., thiophene or
quinoline-sulphur. Stirring and optionally elevated tempera-
tures and/or pressure may enhance the rate of the reaction.
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-continued

Q |- CHom
/ / N\

N N /NH
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The preparation of these and other intermediates is
described in WO 97/16440-A1, published May 9, 1997 by
Janssen Pharmaceutica N.V, which is disclosed herein by
reference as well as in other publications mentioned in WO
97/16440-A1, such as, e.g. EP-0,532,456-A.

Compounds according to the invention may be converted
into each other following art-known transformation reac-
tions, such as il